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Abstract
For an effective model-based mechatronic system engineering software tools are necessary which support collaboration between 
the involved disciplines, a single source of information and – among other things – enables integrated workflows. But it is not 
enough just to rollout a new software tool in the company, in order to use all advantages, also the organizational structure has to 
be adjusted. This contribution discusses these influences on organizational structures and illustrates an analyzing methodology 
which can be performed before a rollout in order to give recommendations and hints for necessary changes. The methodology is 
shown on the industrial example of the rollout of the tool COMOS which is used for the design of sinter plants.
© 2016 The Authors. Published by Elsevier Ltd.
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1. Introduction
Product engineering companies are facing great challenges during the development of mechatronic systems. On 
the one hand, they have to fulfill more and more demanding requirements regarding their complex systems with 
lesser time to market and on the other hand, they must be able to integrate a variety of disciplines into an effective 
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design process in order to handle the complexity of the design. Each discipline, which is involved in the 
development, uses its own highly detailed models to optimize their specific part (subcomponent) of the design for 
the product. This fact leads later to problems in the integration during the design process and causes time delays and 
an increase of development costs. It is absolutely necessary to provide the “big picture” of the whole design process 
to each discipline so that everybody knows where to fit in and that every discipline is heading towards the right 
direction with the development. A prerequisite for such an efficient and optimal design process is that each single 
stakeholder can work with actual valid product data. Therefore, companies are implementing software tools to 
provide a single source of data and to enable a collaborative and integrated workflow for all involved disciplines. 
But the use of such tools makes it necessary to adapt the organizational structure in order to be able to use all the 
advantages provided by the software.
1.1. Motivation
With this contribution the understanding should be strengthen that for a successful rollout and use of such a new 
engineering tool first of all the organizational structure as to be analyzed and if necessary accordingly adapted. For 
that, we are introducing our structured analyzing methodology which enables us to find critical workflows in the 
design process. An analysis was performed on the showcase of an engineering-software rollout for the design of an 
industrial sinter plant. As results, we want to share some insights and show the advantages of the developed 
analyzing methodology.
1.2. Structure of the paper
This contribution is structured in the following way: After a literature review in section 2, we want to give a short 
introduction to the software tool COMOS and a few general thoughts on tool rollouts. In section 4 a description of 
our analyzing methodology is given, followed by some explanations to organizational structures and their 
influences. The use of our methodology is shown on an industrial example in section 6. We concluded the 
contribution with a conclusion and summary.
2. Literature review
Pennock and Wade [1] notice that for the transition to a model based systems engineering approach in a 
company questions regarding new processes and tools have to be raised. In addition the people and involved 
stakeholders have to be trained and educated for these changes in order to be able to gain all the advantages which 
are provided by the new design philosophy and tools.
[2] points out that the organizational and decision structures have an influence on the possible gained advantages
of a new tool. Therefore, the organizational requirements have to be determined.
Chen [3] examined the main relations among organizational structures, cross-functional team interaction, 
information technology and the performance of product development. The author suggests a decentralization of 
organizational structures in order to enable cross-functional teams. These teams consist of stakeholders with 
different professional backgrounds and have to be supported by the right tools, which provide a common database, 
flexible communication and – among other things – the opportunity to work simultaneously on the same project.
Then the outcome of the product development process will be more satisfying.
Dibrell and Miller [4] dealt in their contribution with the influences of information technology on the design of 
organizations. They pointed out that because of the great amount of information – which is generated by internal and 
external sources during a project – a effective and appropriate organizational structure has to be in place in order to 
handle it. The authors illustrated how IT influences the organizational structure to more flexible forms, so that they 
are able to react faster for example to changes in the tool landscape.
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3. The rollout of MBSE tools
There is a wide range of software tools available which support model based systems engineering and 
subsequently the design of large and complex systems. In this contribution we are focusing on tools which offer a
single source for engineering data over several stages of the main engineering processes. It acts as a link between the 
stakeholders from various fields of expertise. In addition, MBSE tools offer standardization regarding the data 
interfaces, easier collaboration, avoidance of mistakes and with that save time and costs. In this category belong 
PLM systems which are commonly used and well established. For the engineering of industrial plants (e.g. sinter 
plants, coking plants, blast furnaces or continuous casting machines) a special software solution – COMOS [5] – can 
be used (in our contribution we concentrate on COMOS because this MBSE tool was chosen by our industrial 
partner for his daily work).
COMOS ensure a gapless information flow of project relevant data between different stakeholders, project 
phases and company levels. It supports the whole engineering workflow from the beginning of the process 
technological design of the plant up to the design of the plant automation and covers with that all three main 
stakeholders – process technology, engineering and automation – involved in the development of industrial plants. 
COMOS works object oriented and each engineering object (e.g., a sensor, pump, conveyor, etc.) is always 
accessible with all of his attributes to all other stakeholders in his actual version. That reduces the complexity of the 
available data because there is only one valid version for each object. Also all necessary piping and instrumentation 
diagrams for the process data can be created in COMOS. For each discipline a suitable view on the data can be 
established. With the help of this tool the engineering process and the workflows are optimized and a reduction of 
the time needed for a project is achieved. 
Precisely because these tools cover the main part of the engineering workflows and affect a great amount of 
stakeholders, the rollout should be done in a structured way. As a preliminary work, an analysis should be 
performed to evaluate the currently established workflows, work tasks, the interactions between the stakeholders and 
their roles in the engineering process. In a next step this collected information has to be compared with the ideal –
regarding all involved stakeholder and the new tool – engineering workflow. With the help of the detected 
deviations a suitable tool can be chosen which can reduce the gaps to a minimum. However, most of the times, a 
new tool requires new roles and workflows in the engineering process. So beside the specific requirements for the 
software tool, the impact on the organization has to be taken into account: Which processes run over the new tool? 
Which roles are necessary for that? What stakeholders have to work with the new tool? In which organizational 
units are they? Are they available?
In order to introduce a new tool in an effective way it is absolutely necessary that each single stakeholder, who 
has to work with it, is totally convinced from the advantages and the facilitations provided by the use of the new 
software. At the beginning they must be supported by a step by step tool rollout and clear definitions which 
processes should be covered by the new tool and which interfaces to other stakeholders and tools are remaining. To 
achieve those goals persuasive efforts have to be made and the stakeholders must be willing to have a new role in 
the design process.
4. Structured analyzing methodology for organizational structures and tool rollouts 
In order to analyze the organizational structure and the tool landscape in an effective and meaningful way, the 
following methodology (figure 1) can be used. The results of the analysis give guidance for the transformation from 
the actual organizational structure to a new one with which a new tool can be used in an effective way. The 
methodology can be divided into three main parts, namely the interview phase, the analysis and the interpretation 
phase. 
Based on our experience [6], we consider interviews as a very powerful tool to collect information of e.g., 
engineering processes, design models, work results, etc. in little time with a manageable effort for the involved 
stakeholders of the company. Before the start of the interviews, the “right” stakeholders have to be determined. They 
should be members of different hierarchical levels and should have various professional backgrounds. One interview
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has to be with stakeholders from the management who have the final say on decisions on organizational changes and 
tool questions. Essential for the significance of the analysis are the interviews with stakeholders from the 
departments who have to be encouraged to use the new tool in their daily business, like the engineering-,
automation- and simulation department. A separate interview should be done with the team who has to perform the 
tool roll out in order to get the IT-view into the analysis.
After the interview plan with the assigned stakeholders is created, each single interview can be executed. 
Thereby, a single interview should not exceed more than two hours, because most of the information is then already 
collected and the goodwill of the stakeholders should not be strained, because most of the times the interviews are 
done beside their daily business. The interview team should consist of at least two people. One person leads through 
the interview the second one has the function of the recording clerk. At the end of the interview phase all the data 
for the analysis should be available. If not, it can be necessary to go back to certain stakeholder to gather additional 
data or clarify uncertainties.
Most of the time, in the interviews a huge number of data for the specific design process is collected, so that it is 
quite difficult to get a proper overview, recognize interconnections and emerge the specific requirements for a tool 
so that it can later support the process in an effective way. In the analysis phase we transfer the gained information
into our own graphical form, so called “Model Dependency Maps (MDM)”, in order to make it better accessible. 
This kind of representation is based on nodes and edges and a detailed introduction and description can be found in
[7]. With the help of these maps we are able to determine all the different workflows which are relevant for the new 
tool and all the critical organizational parts which have to be taken into consideration for the roll out of the tool. 
With the MDM, which includes all the collected data, a SWOT analysis in relation to the organization and the 
workflows for the new software tool can be performed.
In the last phase – the interpretation – recommendations, hints, etc. based on the SWOT analysis can be given.
The findings are presented to the management who must decide which of the recommendations have to be realized.
Fig. 1. Structured analyzing methodology
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5. Organizational structures
Organizational structures often involve borders between stakeholders of different organizational units. These 
borders can take various shapes. First, stakeholders are most of the time organized by their profession. This form 
often leads to a lack of understanding for other disciplines and their needs. Second, especially in large companies, 
components of the whole systems are developed by business units which also take responsibility for the economic 
success of these parts. Understandably, they try to be as effective as possible and optimize their workflows within 
the organizational unit which can lead to not optimal interfaces between the units. Third, the units can be locally 
separated which also results in the need of a thoughtfully data and information exchange. Most of the times the 
stakeholders do not know each other in person (in large companies), so they can have difficulties because they are 
not familiar with the workflows and tool landscapes of other units. In practice a mixture of all three forms occur. 
This makes it even more necessary to consider the impacts carefully on a rollout which affects more than one 
stakeholder or organizational unit. 
In this section we are going to discuss the influence of organizational structures on the effectiveness of the 
utilization of a new software tool with the help of a simple example of a workflow between three stakeholders 
(process technology, engineering and automation). In this example COMOS should be introduced as a new tool 
which acts as a single source of information for all three stakeholders. Each stakeholder can access the same 
COMOS objects that carry the engineering information. For each discipline separate views are available which 
shows the information and data in a familiar way, e.g., certain diagrams, tables, etc. The fundamental workflow with 
COMOS is that the process technology is defining all COMOS objects at the start of the project. Such an object can 
be for example a pump which is needed to realize the process. The process technology only defines that there have 
to be a pump with a certain flow rate. Then the engineering department specifies for example the available power 
input. At the last stage the automation department assigns the object a real pump with all the data from the supplier.
This workflow is also required for objects – for example sensors – which are only needed by the automation, but 
also have to be defined by the process technology. In order to get an optimal design result every component and part 
of the overall system should be considered together from the beginning.
A typical workflow without a tool like COMOS is shown in figure 2. Each stakeholder uses his own specific 
software and local storage (e.g., a hard disk) to save his design results with the disadvantage that a second 
stakeholder who also needs that information has no access to it. Also if he would have access, there would be no 
guarantee that he can find the information because of different naming concepts and things like that. So in practice it
depends on how the interfaces between two stakeholders are arranged (e.g., data exchange via mail, telephone, 
meetings, etc.). Thereby, problems can occur, if people are changing from project to project and each time all 
interfaces have to be discussed. In this case there is also no single source of data available. The information is stored 
more than once in different granularity in different places. That can lead to mistakes, for example when a version is 
used which is not valid any more. In this case organizational borders between the stakeholders prevent an effective 
workflow.
Fig. 2. Workflow without COMOS
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In figure 3 a workflow is shown in which COMOS is already used but the organization form was not adapted 
accordingly. Now each stakeholder is using COMOS but only as a kind of central storage. All the information can 
be requested by each stakeholder because everyone can access the storage part of the other, but that does not solve 
the problem that there is no single source of information. Any information can be stored again by a stakeholder in 
his own storage part.
Fig. 3. Suboptimal workflow with COMOS
The workflow shown in figure 4 reflects the originally intended workflow for COMOS. All project related 
objects are created at the start and are more and more specified as the projects goes on. Problems occur because of 
the shift of working tasks and responsibilities from – in this example – the automation to the process technology. 
Now, the process technology has to determine the whole amount of all the needed components, although they have 
not the expertise of the other units. They must create the correct object for these components with all the needed 
attributes. Then, the Engineering – and Automation department fill the objects as described above. Because the 
organizational form was not adapted a source for mistakes is created. A stakeholder who has not the needed know 
how for certain working tasks, must perform these in order to be able to get all the advantages of a software tool. 
That leads to dissatisfaction, rejection of the new tool, project delays and mistakes.
Fig. 4. COMOS used as a central storage
In order to use the new tool in a satisfying way and to get all the advantages the organizational form has to be 
adjusted. A shift of know how has to happen. This could be realized by building so called “mechatronic groups” 
which bundle all the needed competences. But for that a restructuring is necessary. Walls and borders between the 
organizational units have to be broken up in order to enable a “mechatronic working” where all the disciplines are 
involved from the start of the project. This guarantees a better design result for the system under consideration and 
leads to fewer mistakes and with that lesser costs.
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Fig. 5. Ideal workflow with COMOS
6. Industrial example
Primetals Technologies Austria GmbH is the technology leader for sinter plant constructions with an investment 
volume in the millions. Metallurgical plant designers have to deal with fast changing circumstances regarding 
customer and market demands. Besides that they have to react to different environmental regulations and 
economical needs. So, Primetals is always eager to improve their engineering and design processes in order get 
more competitive. This also includes the introduction of new software tools.
During the course of the research project SyMMDe (System Models for Mechatronic Design) [8] we used our
analyzing methodology (see section 4) in the course of the rollout of the software tool COMOS.
Fig. 6. Sinter plant ©Primetals Technologies Austria GmbH
The central question for this analysis was: “Which roles are required in order to use COMOS in a proper way?” 
The follow up question, which is closely linked to the first one, reads: “Which organizational changes are necessary 
to establish these roles?” With these questions defined, we were able to start with the interviews.
This analysis included twelve interviews with nine stakeholders in different compositions. They came from 
various departments like process technology, automation and electrics, IT, etc. and were positioned on different 
hierarchical levels in the company. These interviews were held as open discussions in which each stakeholder 
provided his own point of view regarding the workflows and COMOS. The collected information was then 
processed into a MDM and analyzed. The rollout group of Primetals created a guide for the use of COMOS. It 
should provide a help for all new users of COMOS and illustrated all work results which have to be created in the 
software tool. This guide was also a cornerstone for our analysis in order to give recommendations on an effective 
and suitable organizational structure. Despite specific findings which fall under intellectual property, the general 
findings are discussed here.
For certain workflows and processes which were not optimally structured the involved stakeholders defined their 
own workaround. With the rollout of COMOS these shortcomings were made visible and should finally be reduced. 
As a perquisite, the detected weak points had to be illustrated to the stakeholder. This has to be done without any 
finger pointing on stakeholders or tools. Each stakeholder should be part of the solution and should have an interest 
in working with the new tool. One way to increase the identification with the tool is to communicate achievements
during the rollout. So, skeptical stakeholders are able to see the advantages for example the reduced time 
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consumption for a project. The rollout should be performed by a small team of experts. These experts also have to
establish the knowhow and understanding in the company. That should be supported by help desks, internal
advertising for the new software and the organizational changes. The management plays a major role in the rollout. 
They must stay behind the project and support the new software. The management has to be aware of tool specific 
and organizational problems during the rollout and should solve them in an actively manner. They should approach 
the whole rollout with realistic and appropriate expectations.
The main part of the recommendations and hints of the analysis was related to the new roles which are necessary 
for COMOS. The company has to raise questions like: Which roles are necessary? How can be ensured that these 
new roles are accepted within the organizational structure? Which competence do the new roles need and do we 
have stakeholders for that? These new roles have to be defined and the organization structure has to be adapted 
accordingly. An example for such a new role would be a system engineer who has the overview over the whole 
system under consideration. He would know which components are required and could create all the needed 
engineering objects in COMOS. For the industrial example, the rollout of COMOS was successful and it is already 
in use for the regular project business.
7. Conclusion and summary
Although, we have performed analyses of different kinds of tool rollouts for various technical systems, the main 
topics are quite the same. The central questions are always related to the new organizational roles and the new 
workflows which are needed in order to use all the advantages provided by the new software. In this contribution, 
we introduced a methodology for the analysis of such tool rollouts. As shown in section 6, a majority of the 
difficulties during a tool rollout can occur because of organizational short comings. That can lead to resistance by 
different stakeholders. A tradeoff between the management level, who wants the rollout done as fast as possible 
without any changes, and the other stakeholders who do not want changes in their familiar workflows may occur 
and has to be dealt with. It is important to bring all these stakeholders on board and show them the advantages 
provided by the new software tool and the new workflows and structures. This can only be achieved when a
structured analysis was performed in advance to get hints which areas need restructures and improvements. Then, 
new roles, workflows and structures must be defined and created. Therefore a smooth introduction will be possible 
which leads to a successful use of the new tool.
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